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3.5 TITAN PHOTOMETRIC PARAMETERS* 
R. L. Younkin 
Measurements of the i r radiance of Titan from 0.50 t o  1.08 pm were carr ied  
out January 2 and 3, 1972, using the  Mount Wilson 60-inch r e f l e c t o r ,  Fastie-  
Ebert spectrometer, and pulse counting e lect ronics .  An S-20 photomultiplier  was 
used t o  obtain measurements from 0.50 t o  0.795,pmY and an S-1 photomultiplier  
f o r  measurements from 0.807 t o  1.08 pm. A 30 A e x i t  bandpass was used both 
nights  . 
Selection of p a r t i c u l a r  wavelengths of measurement was based upon previous 
continuous wavelengths energy scans of J u p i t e r  made by the  author. With the  
assumptions t h a t  CHI+ i s  the p r inc ipa l  source of absorption i n  the spectrum of 
Titan and t h a t  the  s t rengths  of t h e  absorptions are  s imi la r  f o r  Titan and Jup i t e r ,  
t he  wavelengths were chosen f i r s t  t o  show the  apparent maxima p d  minima (absorp- 
t ion  band centers) ,  and second t o  obtain values every 100-200 A. 
The comparison standard s t a r s  were c2 Ceti ,  a Leonis, E Orionis,  and y 
Geminorum. The values used f o r  the  i r radiances  of these  s t a r s  as well  as the  
s o l a r  i r radiances  have been given previously by Younkin (1970). The former 
were based upon r e l a t i v e  measurements of Hayes (1967) converted t o  an absolute 
sca le  by the  measurements of Willstrop (1960). The l a t t e r  were based upon 
measurements of t h e  s o l a r  i n t e n s i t y  by Labs and Neckel (1967). 
The r e s u l t s  of reduction of t h e  measurements are  given i n  Table 3-2. A 
correct ion t o  zero s o l a r  phase angle of Titan has been made according t o  the 
phase law of Blanco and Catalano (1971). The correct ion increased the  br ight-  
ness of Titan measured here by 0.03 mag. 
The irrgdiances of Titan a t  the  posi t ion of the  Earth, H, a re  given i n  
ergs /cm2/sec/~ and are reduced t o  mean opposition distances of the  Earth and 
Saturn. The mean surface radiances over the  disk of Titan,  N, are i n  ergs/  
cm2/s teradian/~,  corrected t o  mean opposition distance.  For the computation 
of N and the geometric albedo pA (0),  Dollfus 's  (1970) value was used fo r  the  
angular subtense of Titan a t  9.539 AU, 0.700 arc  seconds. 
The 30 bandpass values of the  geometric albedo a t  the  measured wave- 
lengths,  given i n  Table 3-2, are p lo t t ed  i n  Figure 3-4. An approximate contour 
has been drawn between t h e  po in t s ,  with some weight given t o  the  shape of the  
methane bands of Jup i t e r ,  based upon unpublished continuous scans o f  the  center  
of the  disk by the  author. This contour thus assumes methane i s  the  pr incipal  
absorber i n  t h i s  spec t ra l  range. 
I t  i s  seen from Figure 3-4 t h a t  the  geometric albedo of Titan reaches a 
maximum value of 0.37 a t  0.68, 0.753, and 0.83 pm, while i n  the  center  of the  
s t rongest  absorption features ,  a t  0.89 and 1.01 pm, it f a l l s  t o  0.10. Compari- 
son with the methane bands of J u p i t e r  and Saturn given below indicates  the  
* Reprinted i n  p a r t  from Icarus,  2 : i n  press ,  with permission of Academic Press,  
Inc. A l l  r i g h t s  reserved. 
https://ntrs.nasa.gov/search.jsp?R=19740012384 2020-03-23T11:09:21+00:00Z
Table 3-2. Photometric Parameters f o r  Titan 
Table 3-2. Photometric Parameters f o r  Titan (Contd) 
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Figure 3-4. Narrow band geometric albedo of Ti tan ,  adjus ted  t o  zero p lanetary  
phase angle. The c i r c l e s  represent  measured po in t s ,  the  curve, 
the  est imated albedo between the, poin ts .  
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maxima a t  0.936 and 1.08 pm c lea r ly  do not  represent the  continuum. The points  
a t  0.753 and 0.83 pm may well a l so  be depressed from continuum values by the  
wings of the  methane bands adjacent t o  them. I t  is  not cleBr from these  meas- 
urements whether the "red" continuum shor t  o f  0.68 um f l a t t e n s  out a t  longer 
wavelengths. 
The bolometric albedo, A*, of a p lanet  o r  s a t e l l i t e  is  defined a s  the  
r a t i o  of the  t o t a l  r e f l ec ted  f lux  a t  a l l  wavelengths t o  the  t o t a l  s o l a r  f l u x  
intercepted by the  surface.  This may be reduced t o  t h e  well-known expression, 
A* = jPX qX HA d h / j  HA dh (1) 
where pX i s  the  geometric albedo, q~ the  planetary  phase function,  and HA the  
s o l a r  i r radiance a t  one AU. 
To compute a value f o r  A*, the wavelength r&ge of pX must be extended. 
For 0.3 t o  0.5 pm, the  medium band measurements of McCord &. (1971) have 
been f i t t e d  t o  the  present r e s u l t s .  The long wavelength l i m i t  f o r  pX has been 
extended t o  4.0 pm t o  include 98% of the incident  s o l a r  f lux.  A hypothetical  
curve from 1.0 t o  4.0 pm has been computed, based upon measurements of the  energy 
from J u p i t e r  and Saturn i n  t h i s  regidn by Moroz (1966), Danielson (1966), . G i l l e t t  
e t  a l .  '(1969), and Johnson (1970). I t  assumes t h a t  methane i s  the p r inc ipa l  ab- 
--
sorber  i h  t h i s  region. The curve adopted f o r  the  geometric albedo from 0.30 t o  
4.0 pm i s  shown i n  Figure 3-5. 
Assuming a constant value of q l  so  it can be removed from the  i n t e g r a l  of 
Equation 1, evaluation of the  in teg ra l  gives 
In the  region beyond 1.1 pm where t h e  values of p~ have been estimated, the  
s o l a r  i r radiance i s  f a l l i n g  rapidly  from i t s  maximum near  0.50 pm, so  the  values 
adopted f o r  p~ are not c r i t i c a l .  I t  i s  believed therefore the  value of A*/q 
given above should be correct  t o  & l o % ,  sub jec t  only t o  poss ibte  changes i n  the  
radius of Titan.  
From measured values of q f o r  the  Earth, Venus, and Mars, as well as ca l -  
cula ted values f o r  various p a r t i c l e  s c a t t e r i n g  functions and s ing le  s c a t t e r i n g  
albedos, it i s  suggested the  value of 4 f o r  Titan is  i n  the  range 1.1 t o  1.5, 
with a most p lausible  value of 1.3. Admittedly t h i s  represents merely an edu- 
cated guess, but i t  is  believed t o  be the bes t  t h a t  can be made a t  t h i s  time. 
These values give 0.23, 0.27, and 0.31 f o r  A*. Then the e f fec t ive  rad ia t ive  
temperature of Titan may be computed by the equation 
where So i s  the  s o l a r  constant,  D,  t he  Sun-Saturn distance,  and a ,  t h e  Stefan- 
Boltzmann constant.  With the  values of A* above, Te = 84 & 2 " ~ .  
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Figure 3-5. Geometric albedo of Titan from 0.3 t o  4.0 pm. The s o l i d  l i n e  
represents measured values,  the dashed l i n e  estimated values. 
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